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International disaster database EM-DAT

Global death rates from natural disasters, per 100,000 (1900-2016) OurWorld

Global annual death rates from natural catastrophes, measured per 100,000 people from 1600 to 2016. in Data
The size of the bubble represents the total death rate per year.
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Data source: EMDAT {2017): OFDASCRED International Disaster Database & Gapminder/UN Population Estimates
The data visualization is available at OuritorldinData.arg. There you find research and more visualizations on this topic Licensed under CC-BY-5A by the authors Hannah Ritchie and tax Roser.
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International disaster database EM-DAT

Total Number of People Affected by Disaster Type (2018 vs. average 21°' Century)

Event 2018 Average (2000-2017)

Drought 9,368,345 58,734,128

* Earthquake 1,517,138 6,783,729
* Extreme temperature 396,798 6,368,470
Flood 35,385,178 86,696,923
Landslide 54,908 263,831
Mass movement (dry) 0 286

* Storm 12,884,845 34,083,106
Volcanic activity 1,908,770 169,308
Wildfire 256,635 19,243
Total 61,772,617 193,312,310

Source: EM-DAT (International Disaster Database)

Y  Top three economic losses
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«ltis likely that something unlikely is going
to happen» (Aristotle, 384-322 BC)
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Frequency analysis
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Involves several steps Qi : %
— Define the variable/index to be studied e
— Select the extreme events (min/max — AMS/PDS)
— Select the probability distribution and estimate its parameters
— Estimate the extreme event (design value) for a given return interval

The uncertainty of the estimated extreme depends strongly
on sample size and assumptions made

Traditionally based on the assumption that the data are
Independent and identically distributed (iid)

Non-stationary methods include univariate and bivariate
models, with distribution parameters varying with time.
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Analyses of exteme events

—_—

« Extreme value analysis (frequency analysis)
— Variable and index

* A changing environment __ How
— Past: Historical time series, reconstruction, paleo likely?
— Present: Changes and trends, event-based analysis
— Future: projections
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Hydro-climatic extremes

 Extreme weather events, e.qg.
— exteme heat and cold
— heavy rainfall or snowfall
— meteorological drought

— storms

 Extreme hydrological events

Horizontal distance scale (log axis)
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— flood
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Classification of hydrological events
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photo: Henny van Lanen
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Flood and low flow marks

Kilde: Norsk KuHurary

Flood mark in Ottadalen Hunger Stone at Elbe; Decin, Tsjekkia
Storofsen "Wenn du mich siehst, dann weine"
Kilde: Norsk kulturarv Kilde: Wikipedia; AFP/RSS
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Flood

* Process type (Merz & Bléschl, 2003)
— Short-Rain floods
— Long-rain floods (high flows, groundwater flooding)
— Flash floods
— Rain-on-Snow floods
— Snowmelt floods

« Variable

— Streamflow/groundwater level or discharge/runoff
— Innudated area (water level; river network)

— Affected area (regional to national scale)
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Different types of drought

| Potential evaporation

Critical precipitation deficit Evapotranspiration Levels of soil moisture,
Meteorological drought P P surface water and/or
groundwater storage

I Il before the drought event

Critical soil-moisture deficit
Soil-moisture drought

Critical streamflow and
groundwater deficit
Hydrological drought

Seneviratne, 2012
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Standardised Indices - Wet and Dry

Wikipidia

SPI — transform accumulated monthly
precipitation (P) to the standard normal
distribution (std N)

34.1%| 34.1%
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SPEI — transform accumulated precipitation less potential
evapotranspiration (P-PET) to the std N

« A more complete estimate of available water

» Relies on choice of PET algorithm

SPI/SPEI
 recommended by WMO
« different time lags (1, 3, 6,12, .. months)
« Choice of distribution at the regional scale (SPI, SPEI)
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Hydrological Drought

 Process type
— Soil moisture drought

— Streamflow (low flow or drought)
— Groundwater drought
— Winter/seasonal drought

 Variable
— Soil moisture content (at-site)
— Streamflow/groundwater level or discharge (at-site)

— Drought affected area (soil moisture, streamflow or runoff,
groundwater level; regional to continental scale)

Source: ETC-LUSI, adagited fram Tallaksen, 2007,

Main drought events in
Europe
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Hydrological extremes - indices

e High and Low flow
characteristics

(max or min values)
- AMS or PDS

 Volume characteristics
(maximum values)
- duration

- surplus or deficit
volume (severity)

e Areal indices
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A changing environment

 Changes in the tails of the probability
distribution or in the extreme value
distribution itself

o Detection of changes and trends
— Mean and extremes
— Based on observations

» Use of climate models simulation in
detection and attribution of change

— Compare observed changes with climate
projections

Probability of Occurrence

Probability of Occurrence
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I]‘;_Itlll'e
climate change
Letter | Published: 05 August 2012 Letter = Published: 14 November 2012
Increasing drought under global warming Little change in global drought over the
in observations and models past 60 years
Aiguo Dai = Justin Sheffield H, Eric F. Wood & Michael L. Roderick
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Figure 1| Global average time series of the PDSI and area in drought. Historical drought trends revisited

News & Views = Published: 14 November 2012

Area in drought (%)

Sonia I. Seneviratne B

Sheffield et al., 2012
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European-scale trends in mean annual
streamflow and flood

1962 — 2004 1960 - 2010

: Ensemble mean onnual %
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9000 000008, Stahlet al. (2012) Bléschl et al. (2019)
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Trends in monthly minimum flow
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Trust In model simulations

» Do off-line global (hydrological and land
surface) model simulations provide an
acceptable dataset of historical variables
such as soil moisture and runoff for analysis
of hydro-climatic extremes?

« Example study: Analysing the extent and
timing of large-scale hydrological droughts in
Europe as simulated by a suite of off-line
models
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Area in drought —annual indices
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Tallaksen and Stahl, 2014
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Drought development in space

Grid cells in drought on a given day;
all (black), some (grey) or none (white) of the seven models

1 May 1 June 1 July 1976

1976-5-1

1976-6-1 i 1976-7-1

Tallaksen and Stahl, 2014

Strongly urge for more validation studies to improve future
projections and learn the current limits of model simulations.
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A changing environment — Future

euronews. Europe World More = Programmes ¥

Home > News > World > Drought and floods will become more common as global warming causes weather to 'stall

nature
Seager and Harding, J. Cl climate change

WORLD

—— . Drought and floods will become more common

- as global warming causes weather to 'stall’
Global warming makes d G comenss
On earlier, faster’ and ha] By Claire Heffron - last updated: 21/08/2078

A new study tries to separate natural anc
drought

on in the world's dry and

ander’, Paul A. O'Gorman? and Nicola Maher'

extremes should scale with low-level atmospheric moisture content,
which increases at a rate of about 6-7% K™' warming according
to the Clausius—Clapeyron relationship'®. However, the rate of
increase of precipitation extremes is affected by multiple factors,

EHARE THIS ARTICLE

i
¥
]
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TEXT SIZE

Scorching summer heatwaves and floods are set to become more
extreme in the northern hemisphere as global warming makes Aa m
weather patterns linger longer in the same place.

- 3 - . —
Yemenis walk through a drought-affected dam on the «
a city is running out of water and many reliel agencies
capital city in the world to run out of a viable water sup
ArhabVERPA

enko Mykhailo / Fotolia

According to a study published by Nature Communications, growing
temperatures in the Arctic have slowed the circulation of the jet stream and
other giant winds, affecting pressure fronts across continents.



UiO ¢ Department of Geosciences
University of Oslo

Analyses of exteme events

—_—

« Extreme value analysis (frequency analysis)
— Variable and index

* A changing environment __ How

' ?
— Past: Historical time series, reconstruction, paleo likely
— Present: Changes and trends, event-based analysis
— Future: projections _
* (Generating processes (causes :
Ip ( ) Something

« Compound events and extreme impacts — unlikely?
« Attribution
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From extreme hazards to impacts

* Natural disasters caused by

extreme weather events are often
the result of a combination of

(interrelated) factors - compound
events - rather than a single
variable being in an extreme state ] -

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

CDF

Hao et al., 2018

Need to better understand how climate variables combine to
produce extreme impacts

Climate change may cause an unusually combination of factors
leading to unexpected impacts and hazards that have not
previously been experienced.
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Compound event

Is an extreme impact that depends on multiple
dependent variables or events

Leonard et al. 2014 Wires Climate Change

Three key characteristics:

» the extremeness of the impact
» the role of multiple drivers
» the role of statistical dependence
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How do we understand impacts?

* (Negative) impacts on the environment, society and economy

* Impacts are not necessatrily linearly related to the natural
hazard and small changes in climate may produce large
changes in impact severity

 How do we model impacts?  seua
Dynamical R [" QF;:ZF?}L \1‘\

— Model-based approach downscaer -
Weather P = ‘l..- - == “

— |mpact_based apprOaCh generatar Temp Y- \‘\I: Rain ?\\
Time-stepping | b g ki
catchment e : Y < S "
e A Soil T Flow
Extreme event . s moist. S b (;' !
model ) S S —

FIGURE 7| Comparison of modeling methods that relate climatic
and hydrologic variables.

Leonard et al., 2013
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o Current contents - Europe State: 1.4.2018

e EDII - European Drought
Impact Inventory

e Hosted at the European
Drought Centre (EDC) website

e ~ 6000 ‘impact reports’ from
38 countries

Q 'IIIH“

edc

g
2
g

I

Agriculture and livestock farming
Forestry

Freshwater aquaculture and fisheries
Energy and industry

Waterborne transportation

Tourism and recreation : R { .y {
Public water supply vl B it @_ﬁ
watﬂ‘r quality ! el - . ? - v .. ~ -.‘l?. y.
Freshwater ecosystemns ¥
Terrestrial ecosystems 7Y
Soil system ;
Wildfires

Air quality

] Human health and public safety
1 conflicts

W | | IS 0 | [SIef |

: , _ Stahl et al. (2016)
Online EDII: http://www.geo.uio.no/edc/droughtdb/index.php
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Archiving impact reports

Location Impact
Occurrence

P s

bf_1 Swizerland Switzertand Espace
Mittellan

[NUTS 3 [Cocation
bi| Bern nuclear power plant
Mihleberg in
Mihleberg
Aargau nuclear power plant
mehw

Bemn:Luzemn:  several pars of

===

42, Due to a lack of cooli
were needed 1o redul

2003 4 42 Duetoalackol
were needed 1o
and August 2003.

7 7.3;7 Limitations and bans
4 the lawn, filling of pod
Achions were Necessi

3 Collection is tedious
+ Textual evidence links cause (drought) and effect (impact)
+ - Coding guarantees consistency, but restrictive = keep Text!
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Drought — Anecdotal evidence

Aftenposten, 1933

(stlandet varmest
1 Europa.

Allerecde Tor en maneds: Lid =iden
hepynte kiagene over

Verllandot 6 gidre sir pieldende

Larken i |

et hadde 1kEe wverel s8 Lart 1
manns minne, of =lv gamie folk
kunce lkke huske nogel lignende
| Blike uitalelser er s mimindelige,
nt man m oltest ikke bar tillegee
dem nogen starre verdi,. Gamle folk
husker jo ofio wirrl  darlig, |
manns minne er som regel diarllgere
jenn en kvinnes, Men nu har barken

_' varet I oon maned tll o er mange
Isteder mv  mecsten Kalastrolal ard
i'l.'-r:'-1 landets landbruk er jo innsiil
let p& meget regn, o ndr der =i |
| ta mbnedsr | den vikbigste veksttid
| bare kommer emi mengder, a4 er
der virkelig grunn tl & snakke am
e helt usedvanlig larke. For bare

nel  eldndommellp fenomen 1 Tors
bindelse mied den alste tids ymr. Vi |
har nemlig | fersts hialvdel av jumnd
bir hatt en veriype som | alminde-
Hghet {orst setter inn | jull mined.
Disse voldsomme, Inkale lordenbyger
over Innlandsdistrikiene som vi | de
sisle daper har merkel ganske bra |
ogsd | Oslo, burde slebt lkke inn- |
finne aig sd tidlig pd Aret. Vi har |
I det hele At halsommercn Irlnl
ovier 02 uleh nogensombhbelst |;|1.'-'~T-I
gang;, Ostlandet hoar shledes stort |
=it 1 Junl vieret det voarmeate sted
| Europa, Denne trykkende vorme |

of || forbindelse med innsig av kold |

laft | holden Dhar giit oss disse in- |
tablle Iufimaster =om reit som del
er glr tordenbyger |

Takket viere de lokale regnbyger |
har stote sicok av Ostlandet [iLL
rikellg med regn,. Ved Kuljerm pﬁ,;
Ojdvikbanen er der sAledes | de |
siste B dager falt 76 mm. Tl a-ﬁ.ﬂl-l
menligning Ean anfdares al den aor-
male Bedbar | O=slo for hele juni e |

Agriculture adapted to
frequent rainfall

Large spatial extent
Convective vs frontal prec.

Cause of the drought

— Distribution of High and Low
pressure centres

— Likely influenced by ocean
temperatures

Research focus

— Assess the interaction
between the ocean and the
atmosphere to better predict
the weather.
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Best-predictors for impacts

Impact Likelihood

JH. Stagge et al jjounal of Hydrology 530 (2015) 37-50

0 1,000 km

Norway (NO)

(UK)

SPEI2

Fig. 1. Countries with drought impact models.

Four sectors
- Agriculture
- Energy and industry

SPI2

Fig. 6. Agricultural drought impacts: SPI2/SPEI2 interaction term for Slovenia.

- Water Supply Predicted impact likelihood is shown in color, with red corresponding to high
likelihood (~100%) and blue corresponding to low likelihood (=0%). Percent
- FreShwater eCOSyStemS likelihood is also shown as contour labels. (For interpretation of the references to

Stagge et al. 2015 JoH
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US Drought Impact Reporter

| e i

NATIONALDROUSHT MTGHToN

NDMC  Drought Impact Reporter

/L Refresh to see results

Impacts & Reports Overlays

- Scales
National
Multistate
State
® County
City
T Mimpacts
Opacity
México 80%
Impacts
Data CC-By-5A by OpenStreethap a
Venezuela 1-8
-112108623, 1265264 515
All States | 08-12-2019-09-12-2019 | @ @ C S OO S C @ gem: @ 1724
I t Count: I List | P 1/8 R Count: Reports List | P 17116 -25-32
mpact Counts mpacts Lis age eport Counts epaorts Lisi age
LB
County Impacts | All States 75
Category
¥ LReports
Agriculture 39 @  Business & Industry 2 P
Energy 1 ¢ Fire 24 * UiDrought Declarations
Plants & Wildlife 30 > Relief, Respanse & Restrictions 35
Saciety & Public Health 2 <> Tourism & Recreation 2 » Time Period
Water Supply & Quality 21 » Location

5 » Categories

» Report Types

©2019 The National Drought Mitigation Center | 3310 Holdrege Street | P.O. Box 8309

phone: (402) 472-6707 | fax: (402) 472-2946 | Contact Us
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Impact-based forecasting / projections

WMO Guidelines on
Multi-hazard Impact-based

Forecast and Warning Services

Gap between forecasts and warnings of extreme
hydrometeorological events and an understanding of
their potential impacts.

WMO-No. 1150, 2015
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Compound events — lllustrations

May 2013  Kvam Heavy rainfall and snowmelt Severe impacts due to
Norway flooding

Dec2013- UK Series of rainfall event Severe impacts due to

Jan 2014 flooding

Dec 2013 - Western Dry, windy, lack of snow Severe wildfires

Jan 2014 Norway

Summer Northern  Dryand hot summer Heatwave and severe

2018 Europe drought impacts

21th C Arctic Winter warming, frost spells Large-scale vegetation

damage
~ 2019 Southern  Heavy rainfall, initial Severe impacts due to

Norway conditions flash floods
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Rain-on-snow (ROS) event 2013

= Devastating spring ROS floods occurred in Kvam, southern
Norway, ~1bn NOK damages

= A large rainfall event 21-23'9 May

Rain and snowmelt 17-23 May

1

% av median (1981-2010)
[777] Sno, nermalt barmark

Over 300
200 - 300
1130 - 200

10130

T [s0-70
10-50

Under 10
|2 | Barmark, normalt sno

| Barmark normalt barmark

Roald (2015) NVE report 21 Photo: vg.no Ref. Pall et al., talk

P \umﬁ" H
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Rainfall 67-day running totals : [
11 Dec 2013 to 15 February 2014 #
- % of Winter 1981-2010 average Met Office
Winter 2013/2014
: © 100-125
+  425-150
(2 = 150-200
¥ s 5 = 200-250

@ 250 -300

* Prolonged rainfall over much of
Britain in December 2013 and
January 2014 led to high river
flows and flood alerts. 95

* In some areas the wet weather
lingered as groundwater
flooding.

NERC, Wallingford, UK



UiO ¢ Department of Geosciences
University of Oslo

New and emerging hazards

Northwestern Norway, January 2014

Prolonged dry weather
and heavy wind

Winter drought causing
extreme wildfires
Greening — biomass
Reduced snow cover
Ignition

DSB rapport 2014
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Extreme hot and dry summer 2018

Klimautvikling for Norge mai

May 2018 L-OTI(®C) Anomaly vs 1951-1980 0.80

[ [
-43-40-20-1.0-05-0.2 0.2 05 10 20 40 59

100 % ; ' S ‘

1570 188D 1520 1500 1520

Kilde: Meteorologiskr Inst.

See poster, Bakke et al.

1930

Europe: warmest May (sinceigio) with
2,76 °C above normal

https://data.giss.nasa.gov/gistemp/maps/
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Drought and heatwaves

https://rgsweather.com/tag/soil-moisture/

P05 []

& 2
el
Atrrospheric leg, Kendall

Erlandsen, Brox-Nilsen et
al. (work in progress)
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Ti-NDVI 1982-1998

150E

120E

Arctic
Greening

o 150E

and g 2
Browning Y

60E

L 3
30E

Ti-NDVI 1999-2013

1.2

0.8

0.4

-0.4

-0.8

-1.2

High-latitude warming has
led to a greening of the
Arctic up until the early 215t
century.

Despite further warming,
strong browning signals
appeared in recent years.

Extreme winter events
and snow cover change
may be the cause.

At UiO two RCN-funded
projects address this issue:

WINTERPROOF (Parmentier)
EMERALD (Stordal)
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Heavy rainfall and flashfloods

@ Meteorologene L J

{@Meteorologens

Skader fra Styrtregn har ﬂkt med 800 prosent Vi har sendt ut gult farevarsel for nedberen i

helgen. Fra lerdag kveld til sendag kveld er

siden 1990-tallet det ventet lokalt 60 til 100 millimeter pa 24

timer i #Hordaland og #SognCgFjordane.

| helga er det igjen fare for flom. Na kritiserer Miljgpartiet De Gronne .
Hold deg oppdatert pa yr no/farevarsel /|

regjeringen for @ sende ansvaret for a lgse problemene til kommunene.

;d Larcag kel bl
. sondag ke
Christian Nicolai Bjorke =
Journalist
*
=
Publisert 6. sep. kl. 17:19
Oppdatert 6. sep. ki. 18:53 f -]
L
L]

Nedgradert: Varsel om jord- og flomskredfare, grent niva

for Hordaland, Sogn og Fjordane og deler av Mare og

Romsdal (NVE) -

1258 Neste varsel for Oversiiciicart

Brannmannskapene fra Fredrikstad méatte ta gummibater i bruk for & hjelpe folk etter styrtregnet forrige helg
FOTO: MAY IREN BERG

spaaten infarmasjon - 17

Warsed for Hordaland, Sogn og Fordane og deler av Mere og Romsdal e nedgradert 5l
. e wrand paa nedjusterte nedbeprognoser,
Fredag kveld og lerdag skjer det igjen: Meteorologene varsler om

f) tidvis store nedbersmengder pa @stlandet. De kraftigste skyene

—. kommer forst inn over Oslofjorden fredag kveld, beveger seg

v Det ventes regn og stedvis krafige regnbyger fra torsdag

A nordover forbi Oslo og inn i Sverige lgrdag formiddag. Det ventes 0 Sordibred etfermicdag, opp mot 50-00 mm24t og lokalt opp mot 30-

— W) . i : SOmm/EL G anden og Iningsgraden i bakken e
g\‘. mellom fem og ti millimeter regn pa en time. Siden elver og vassdrag stedvis hoy. Nedbermengden og nedberens p,':.m.,,,,g or USikker

allerede er fulle, har NVE sendt ut gult farevarsel. SATRareN ef SO JErbygene efier. Fol emadal

Dratte skraninger, sami bekker cg elvelap med stor vannfaring er
spesielt utsalt. Varselet ligger | nedre del av guit niv
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Lessons Learned -
the 2001/2002 Canadian Drought

Wheaton et al. (2005)
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Extreme event attribution  Scientist

Can now assess how
global warming may
have impacted the
probability or

Media magnitude of individual

What is the role of events;

global warming in

this year summer 2000 Flood UK:
drought? the risk of floods
- occurring in autumn

S 2000 increased by more

g

~

< ~d 1 than 20%
&= / (Pall et al., 2001)

2018 Drought:
| | the probability to have
— - such a heat or higher is
generally more than two

© Stock image times higher today.
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Attribution

www.worldweatherattribution.org

’@ world weather attribution

| Home  About ., Analyses . News Projects  Resources .

Cold spells

Unusual cold spells can occur evenina
warming world, and cause disruption to

transport, energy & food supplies.

Human'contribution to the record-breaking
July 2019 heatwave in Western Europe

After the extreme heat that took place in the last week of June 2019, a second Drought
record-breaking heat wave struck Western Europe and Scandinavia at the end of
July 2019.

Drought affects people in many ways,
from reduced water & food supplies to
increasing the risk of wildfires.

Latest analyses

Extreme rainfall

Rainfall events from a major storm or
Human contributionto A limited role for The August 2017 hurricane, or intense localised
record-breaking June unforced internal Bangladesh floods fownoons ean eadinlicodins inaiy
2019 heatwave in variability in 20th
France century warming

type of location.
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Some key messages ...

Conventional frequency analysis offer little insight into
governing processes and how they shape the distribution

Extreme impacts result from complex multivariate interactions

Need robust indicators tailored for different sectors (and
Impacts)

Increased effort on assessing the impacts of compound
events under global warming

Balance between in-depth studies of recent events vs
Integrated, regional analyses

Need to adapt to a changing climate

Awareness that future extremes may be unpreceeded.



UiO ¢ Department of Geosciences
University of Oslo

£Hes

FLIUP.com

Thanks for the attention!

Lena M. Tallaksen

5th Conference on Modelling Hydrology, Climate and Land Surface Processes

Lillehammer, Norway
17-19 September 2019
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Additional slides

Rainfall decile ranges

Highest on record

Very much
abowve average

Above average
Average

Below average

Veery much
below average

Lowest on record

9
the southern growing season.
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Impact-based forecasting - projections

WMO Guidelines on
Multi-hazard Impact-

Forecast and Warnin

Gap between forecasts
hydrometeorological
their potential impact

Evolvi . di ) h ) ; | Factors
volving warning paradigm using a heavy rain event as an example incorporated
General forecast | A cold, windy, wet day tomorrow with spells of very heavy rain Hazard
expected in the afterncon and evening.
Warnings with Rainfall accumulations of 30 mm to 40 mm expected tomorrow Hazard
fixed thresholds between 1400 and midnight.
Warnings with Heavy rain expected tomorrow afternoon with rainfall intensities of 3 | Hazard
user-defined mm/10 mins possible, leading to overflow in the drainage system. Vulnerability
thresholds (Nate that this type of warning would typically be issued to a municipal
authority only.)
Warnings with Spatial differences: Weather warning — rainfall accumulations of Hazard
spatial and/ 20 mm to 30 mm expected tomorrow in low-lying areas between Vulnerability
or temporal 1400 and midnight, with accumulations of 50 mm to 60 mm
variations in possible at altitudes above 1 500 m.
thresholds Temporal differences: Weather warning - rainfall accumulations of
15 mm to 20 mm expected tomorrow afternoon during rush hour.
(Note the lower threshold at times when the roads will be very busy.)
Impact-based Rainfall accumulations of 20 mm to 30 mm expected tomorrow Hazard
warning between 1400 and midnight, resulting in possible road closures due | Vulnerability
to flooding across the south-east.
(Note the subtle but important distinction between the impact-based
warning and the threshold warning described above. The distinction is
that the threshold-based warnings only specified generalized flooding;
the impact-based warning provided specific mention of an impact, in
this case road closures.)
Impact warning Expect journey times on the A111 likely to be lengthened by an hour | Hazard
because of significant traffic disruption in the south-east tomorrow Vulnerability
afternoon due to localized flooding which is expected to follow a Exposure

heavy rain event.
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Area in drought - weekly persistence

1.0 GUWAVA GWAVA
HTESSEL HTESSEL
JULES JULES
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é Orchidee Orchidee
®© 06 — WaterGAP WaterGAP
8 Observed
| o
o
o 04 -
o
3
02 —
00 -

Lag (weeks) Lag (weeks)

Whole European domain  Grid cells with observations



| Sitemap | Legal notice | Coni

OPErNICUS

Europe’s eyes on Earth

EDO - European Drought Observatory

European
Commission

EC > Copernicus > Emergencies » Droughts > EDO » Current Droughts » Map of Current Droughts

Emergency Management Service

EDO HOME | CURRENT DROUGHTS | MAPPING DROUGHT | DROUGHT EVOLUTION REFERENCE DATA

Map of Current Droughts in Europe

2" ten-day period
of September 2018

Impact Level

Watch:
rainfall deficit

e

Warning:
s0i mossture deficit

vegetation siress
foliowing rainfall‘soil
micisture deficit

ﬁ&.::ﬂ., o+ ‘B;E =  Different dates and/or different indicators
ata CC-By-SA papStrestMap

i”;:

Combined Drought Indicator, based on SPI, soil moisture and fAPAR.
- Watch: when a relevant precipitation shortage is observed

- Warning: when this precipitation translates into a soil moisture anomaly

- Alert: when these two conditions are accompanied by an anomaly in the vegetation condition.
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Example: European scale drought

« Historical events

e (Current trends and

Period 1962-2004

* Future changes

(b)
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Changes in drought frequency for different periods and scenarios
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Percentage change: from 1971 - 2000 to 2071 - 2100

150°W 100°W 50°W 0° S50°E 100°E 150°E
e gy T ! ] —
-100 -75 -50 -25 -5 5 25 50 75 100

Gudmundsson et al., 2011
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Endringer i sngdekket i Norge
fra 1981-2010 til 1961-1990

Cumulative monthly changes in
SCE [Km?]

0 South-\h?est W South-East B Mountain B North

Rizzi et al., 2017
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Extreme value distributions

Choice of distribution governed by the:
— phenomenon studied

— theoretical base of EV distributions, i.e. the GEV
for AMS and the GP distribution for PDS.

This might provide a better prediction than
can be drawn by merely comparing the fit
to the sample.

The use of regional information will further
reduce the sensitivity to sample variability.

Non-stationary methods include univariate
and bivariate models, with distribution
parameters varying with time.

The GEV distribution

GEV (<0

GUM_—"]

=" GEV (= 0)

2 5 10 20 50 100 200 500

Return period (years)

T T T T
2 3 4 5 6 7
Reduced variate

_/{&y 5 10 20 50 100 200 500

" Retum period Ityears}l
T T

T T T T
i} 1 2 3 4 5 6 7
Reduced variate

The GP distribution

Tallaksen and van Lanen, 2004
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European-scale trends and future
changes in mean annual streamflow

1962 — 2004

. Ensemble mean onnuol

BPORNST LIO0909%..  Stahlet al. (2012) Gudmundsson et al. (2011)
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Flood event — economic impact

Impact variable
Hydraulic variable
Hydrologic variable
Climate variable
Utility node
Decision node
Uncertainty node
Deterministic node
Time varying

— Directed edge

coeoO¢

(c)
Pressure
field

Rainfall Dﬂ m

volume :
operation

FIGURE 6 | Schematic of a flood event: (a) a univariate probabilistic system; (b) a multivariate probabilistic system; and () process model

including decision node.

Leonard et al., 2013
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